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1456Objective: The objective of this study was to examine the fate of the native aortic root after replacement of the
ascending aorta to treat acute type A aortic dissection.
Methods: Between June 1985 and January 2010, 319 consecutive patients (mean age, 63 11 years) with acute
type A aortic dissection underwent replacement of the ascending aorta with preservation of the aortic root. The
aortic valvewas also replaced in 21 of these patients (7%). The interventionwas extended to the aortic arch in 210
patients (66%), of whom 173 (54%) underwent hemiarch replacement, and 37 (12%), total arch replacement.
Results: There were 109 (34%) in-hospital deaths. Of the 210 discharged patients, survival was 95%, 58%, and
27% at 1, 10, and 23 years, respectively. Freedom from reoperation on the proximal aorta was reported by 97%,
92%, and 82% patients at 5, 10, and 23 years, respectively. Twelve patients were reoperated for aortic root
dilatation and 2 died during reoperation. Univariate and multivariate Cox regression analyses revealed that sig-
nificant risk factors for proximal reoperation were age<60 years (P¼ .005; relative risk, 1.94) and Marfan syn-
drome (P ¼ .011; relative risk, 2.76). At follow-up, 15 patients (11%) had an aortic root diameter of>45 mm,
but they were not reoperated.
Conclusions: For acute type A aortic dissection, replacement of the ascending aorta with root preservation
shows long-term effectiveness with low reoperation and aortic root dilatation rates. (J Thorac Cardiovasc
Surg 2013;146:1456-60)During emergency surgery for acute type A aortic dissec-
tion (AAD), the major operative decisions include the ex-
tent of aortic resection to be performed and the use of an
appropriate surgical procedure when the dissection involves
the aortic root. Supracoronary replacement of the ascending
aorta with root reconstruction is one of the most commonly
adopted conservative approaches used during surgery for
AAD. However, preservation of the aortic structures below
the sinotubular ridge might predispose the patient to the for-
mation of a proximal aneurysm that will then require reop-
eration on the aortic root and/or the aortic valve during the
late postoperative period.1,2 The more aggressive approach
of total root replacement prevents future aneurysmal
formations and recurrent dissection of the aortic root,2,3
but the reduced tissue quality of the dissected aorta
increases the technical complexity of the procedure with
possible additional operative risk.2 Valve-sparing root re-
placement has shown excellent results in patients operated
electively for aortic root ectasia, but few data are availablee Division of Cardiac Surgery, SanMartino University Hospital, University of
va, Genova, Italy.
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for AAD, and studies that have been performed have had
short follow-up times.4-6 In view of these controversies,
we determined the long-term results of supracoronary re-
placement of the ascending aorta with native aortic root
preservation in patients with AAD.METHODS
Patients
Between June 1985 and January 2010, 373 patients underwent surgical
treatment for AAD at San Martino University Hospital of Genoa, Italy. All
patients were operated on in an emergency setting soon after hospital ad-
mission without delaying the surgical intervention. Themajority of patients
was operated on within 24 hours after the onset of symptoms. Three hun-
dred nineteen of these patients (85.5%) underwent replacement of the as-
cending aorta with preservation of the native aortic root. The diagnosis of
AAD was based either on transthoracic and/or transesophageal echocardi-
ography, computed tomography, or operative exploration, all in conjunc-
tion with medical history. Inclusion criteria were supracoronary
replacement of the ascending aorta with or without aortic valve replace-
ment. Patients underwent surgical reconstruction of 1 coronary or noncoro-
nary sinus by tailored graft; patients who underwent root replacement using
the David, Yacoub, or Bentall procedure were excluded from the study.
Outcomes analysis was approved by the local ethics committee, and indi-
vidual consent was waived. Baseline patient characteristics and predispos-
ing factors for aortic dissection are presented in Table 1.
Surgical Findings and Operative Data
Intraoperative findings confirmed the diagnosis of AAD in all patients.
The site of the proximal intimal tear was the ascending aorta in 243 patients
(76%) and the aortic arch in 63 patients (20%). In 13 patients (4%), the in-
timal tear was in the descending aorta (6 patients) or could not be identifiedgery c December 2013
Abbreviations and Acronyms
AAD ¼ acute type A aortic dissection
DHCA ¼ deep hypothermic circulatory arrest
RR ¼ relative risk
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replacement. Additional procedures included coronary artery bypass graft-
ing to treat associated dissection of the right coronary ostium in 20 patients
(6%) and mitral valve repair in 2 patients (0.6%). Mean cardiopulmonary
bypass timewas 183 70minutes (range, 89-505minutes) andmean ische-
mic cardiac timewas 110 40 minutes (range, 27-201 minutes). Mean cir-
culatory arrest time for patients with arch replacement and open distal
anastomoses was 36 21 minutes (range, 12-94 minutes). Mean tempera-
ture used for deep hypothermic circulatory arrest (DHCA) was 23C 
1.2C. During the first phase of our center’s experience, circulatory arrest
was performed in deep hypothermia. Subsequently, we used moderate hy-
pothermiawith a selective antegrade cerebral perfusion technique (Table 2).
Operative Technique
The surgeons and some minor aspects of the surgical technique varied
during the study period.All operationswere performedon an emergencyba-
sis as soon as the diagnosis had been ascertained. After aortic crossclamp,
the ascending aorta was opened and the heart was arrested by direct anter-
ograde administration of blood cardioplegia into both coronary ostia. Our
general approach included supracoronary replacement of the ascending
aorta with a Dacron prosthesis. The arch was first exposed under DHCA.
If an intimal tear was present or extended to the aortic arch, we replaced
the arch completely or in part. If it was unnecessary to replace the arch,
an open distal aortoprosthesis anastomosis was performed. The proximal
ascending aortic procedure was then performed during the subsequent re-
warming period as follows. After careful inspection of the aortic root and
valve, all the dissected tissue just above the commissures was removed,
and a tailored strip of Teflon felt was inserted between the dissected aortic
layers. Based on surgeon preference, surgical glue was applied to achieve
complete obliteration of the entire space of the proximal dissection. The
Dacron graft was then sutured inside the reconstructed aortic root using
a continuous 4-0 Prolene suture. During the early series, intraoperative
transesophageal echocardiogramwas not available; therefore, root diameter
root was measured directly after proximal repair. In general, we accepted
a root diameter of<38 mm. Assessment of valve competency was per-
formed through direct observation of cusp cooptation. Later in the series,
when intraoperative transesophageal echocardiogram was available, we
generally accepted a residual aortic insufficiency of 2þ/4þ. In case of
more regurgitation, the aortic valve was replaced.
Follow-up
Follow-up data were obtained from telephone interviews with the sur-
viving patients or with families and referring physicians, or from direct
examination at San Martino Hospital. Questions addressed actual func-
tional status and transthoracic echocardiogram examination findings.
Patients unable to attend our hospital sent in their transthoracic echocardio-
gram reports. Clinical follow-up was closed in September 2010 and
was completed by 97% (311/319); at study end, 137 patients were
alive. Mean follow-up was 12.6 years (range, 8 months-23.3 years).
Transthoracic echocardiogram reports were available for 99 of 137 survi-
vors (72%) at latest follow-up.
Statistical Analysis
The design of the study was retrospective, and analyses were performed
with JMP statistical analysis software (SAS Institute, Inc, Cary, NC).The Journal of Thoracic and CarContinuous variables are presented as mean  SD and categoric variables
are expressed as frequencies. Comparison between variables was per-
formed by means of a t test, c2 test, or Fisher exact test when appropriate.
Survival and event-free estimates were determined by the Kaplan-Meier
method and are expressed as the proportion  standard error. Possible
risk factors for reoperation including clinical characteristics such as age,
sex, hypertension, diabetes mellitus, peripheral vascular disease, and Mar-
fan syndrome, and surgical variables such as ischemic time, cardiopulmo-
nary bypass time, DHCA time, and technique performed, were entered into
the model. Diagnosis of Marfan syndrome included wrist and thumb sign,
ectopia lentis, skin striae, and family history with Marfan syndrome.7 Ad-
ditional information or confirmation of Marfan syndrome was obtained
from relatives, referring hospital, and family physicians. A univariate anal-
ysis was performed first. Variables with P .2 were included in a multivari-
able model for Cox regression analysis with stepwise selection to
determine the independent predictors of root reoperation. A P value<.05
was considered statistically significant.RESULTS
Survival and Proximal Reoperations
In-hospital mortality was 34% (109 patients) and there
were 65 late deaths (22%). Causes of in-hospital mortality
were low output syndrome in 37 patients (33.9%), bleeding
in 17 patients (15.6%) multiple-organ failure in 44 patients
(40.4%), and neurologic events 11 patients (10.1%). Thirty-
daymortality during the last period, between 2008 and 2010,
was 15.3%. Of the 210 discharged patients, survival was
95%  1.5%, 82%  3%, 58%  4.5%, 51%  5%,
and 27%  9% at 1, 5, 10, 15, and 20 years, respectively
(Figure 1). At latest follow-up, reoperation was required
by 15 patients (10.8%), 3 of whom received isolated aortic
valve replacement and 12 of whom (8.7% of 137 survivors)
underwent aortic root replacement. Four reoperated patients
(33.3%) had Marfan syndrome and underwent root replace-
ment after a mean interval of 13 years (range, 5.6-20.3
years). Indications for proximal reoperations included iso-
lated aortic root dilatation (mean diameter, 5.2  2.3 mm)
in 2 patients and root dilatation (mean diameter, 5.4  2.1
mm) with associated aortic regurgitation (>2þ) in 10 pa-
tients. The Bentall procedure was used in all instances.
The in-hospital mortality rate was 16.67% (2 patients).
One patient died frommultiorgan failure on the sixth postop-
erative day and 1 patient died from acute mesenteric ische-
mia on the third postoperative day. Freedom from
reoperation on the proximal aorta was reported by 99% 
0.5%, 97%  1%, 93%  2%, 83%  6%, and 66% 
15% at 1, 5, 10, 15, and 23 years, respectively (Figure 2).Risk Factors for Native Preserved Aortic Root
Dilatation and Echocardiographic Follow-up
Univariate and multivariate Cox regression analyses re-
vealed that significant risk factors for proximal reoperation
were age<60 years (P ¼ .005; relative risk [RR], 1.94) and
Marfan syndrome (P¼ .011; RR, 2.76). Echocardiographic
follow-up among survivors showed a mean aortic root di-
ameter of 41  7 mm (range, 30-60 mm). Fifteen patientsdiovascular Surgery c Volume 146, Number 6 1457
FIGURE 1. Actuarial survival after surgery for acute type A aortic dissec-
tion among 210 discharged patients. Pts, Patients.
TABLE 1. Baseline patient characteristics and predisposing factors
for aortic dissection
Variables Patients (n ¼ 319)
Baseline patient characteristics
Age, years, mean  SD 63  11
Sex, female, n (%) 101 (32)
BSA, m2; mean  SD 1.88  17.9
Hypertension, n (%) 232 (73)
Diabetes mellitus, n (%) 61 (19)
COPD, n (%) 57 (18)
Chronic renal failure, n (%) 54 (17)
Peripheral vascular disease, n (%) 70 (22)
Previous stroke, n (%) 9 (3)
Previous heart disease, n (%) 45 (14)
Predisposing factors, n (%)
Marfan syndrome 5 (1.5)
Bicuspid aortic valve 11 (3.4)
Previous cardiac surgery 7 (2.2)
SD, Standard deviation; BSA, body surface area; COPD, chronic obstructive pulmo-
nary disease.
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2.4 mm; range, 46-60mm), but were not reoperated because
of their advanced age (>85 years) and/or associated comor-
bidities (14 patients) with increased operative risk (mean lo-
gistic EuroSCORE, 18.6%  2.3%), or because they
refused the operation (1 patient). Actuarial freedom from
an aortic root diameter>50 mm is shown in Figure 3.
DISCUSSION
This study shows the 23-year follow-up clinical, surgical,
and echocardiographic results of 319 patients who under-
went supracoronary ascending aorta replacement for
AAD. We demonstrated that native aortic root preservation
is effective long term, with low reoperation and aortic root
dilatation rates.TABLE 2. Surgical data
Variables Patients (n ¼ 319)
CPB time, min; mean  SD 183  70
ACC time, min; mean  SD 110  40
DHCA time, min; mean  SD 36  21
DHCA temperature, C; mean  SD 23  1.2
Aortic root-associated procedures, n
Mechanical AVR 2
Biological AVR 19
Distal procedures, n
Hemiarch replacement 173
Total arch replacement 37
Proximal descending aorta replacement 2
Thoracic aortic stent grafting 4
Other associated procedures, n
CABG 20
Mitral valve repair 2
CPB, Cardiopulmonary bypass; SD, standard deviation; ACC, aortic crossclamp;
DHCA, deep hypothermic circulatory arrest; AVR, aortic valve replacement;
CABG, coronary artery bypass grafting.
1458 The Journal of Thoracic and Cardiovascular SurAcute type A aortic dissection is a challenging operation
not only because of technical difficulties, but also because
of difficulties in determining whether an aggressive ap-
proach or a timesaving operation is required in an emer-
gency setting. The primary goal is to save the patient’s
life by performing a safe operation; the secondary aim is
to guarantee long-term freedom from reoperation. Supra-
coronary replacement of the ascending aorta with root re-
construction is one of the most commonly adopted
conservative approaches used during surgery for AAD.
The drawback of this conservative technique is that the re-
sidual aortic root might predispose the patient to proximal
aneurysm formation that will then require reoperation on
the aortic root and/or the aortic valve during the late postop-
erative period.1 On the other hand, a more aggressive ap-
proach has to be weighed against potential failure of the
conservative technique. In this case, complete root replace-
ment using a composite graft prevents future aneurysmalFIGURE 2. Actuarial freedom from aortic root replacement after surgery
for acute type A aortic dissection with aortic root preservation.
Pts, Patients.
gery c December 2013
FIGURE 3. Actuarial freedom from aortic root diameter>50 mm after
surgery for acute type A aortic dissection with aortic root preservation at
latest follow-up. Pts, Patients.
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the higher operative risk resulting from the increased
technical difficulty and reduced tissue quality of the
dissected aorta does not justify extensive use of the
procedure.2 The key issue of the current study was whether
aortic root preservation yields acceptable long-term sur-
vival and a low incidence of further proximal reoperation.
Halstead and colleagues9 concluded that all patients with
an aortic root with a proximal diameter>3.5 cm should be
considered for composite replacement even in the absence
of coronary dissection or significant aortic insufficiency.
In a series including 315 patients who underwent surgery
to treat AAD, Tan and associates10 showed, using multivar-
iate analyses, that an aortic annulus>27 mm, dissection of
the left coronary artery, and use of surgical glue for aortic
root reconstruction are independent risk factors for later
aortic root reoperation. In a similar study, Casselman and
coworkers11 found the same independent risk factors for
later aortic root reoperation as those reported by Tan and as-
sociates,10 with freedom from aortic root reoperation re-
ported by 95%, 89%, and 69% of patients at 1, 5, and 10
years, respectively. Similar freedom from proximal opera-
tion results after a 10-year follow-up was reported by Sabik
and colleagues.12 These reports concluded that long-term
results following aortic root reoperation were not signifi-
cantly different between patients with a native aortic valve
and patients who underwent aortic valve replacement.
Moreover, they showed that the high freedom from failure
of supracoronary reconstruction should lead surgeons to
opt for a conservative approach.
In our longer follow-up, we report an acceptable survival
among discharged patients, with an in-hospital mortality
rate of 34%. Although some groups with extensiveThe Journal of Thoracic and Carexperience have reported operative mortalities as low as
6% to 9%,13,14 a figure of about 20% to 30%5,14,15 with
a decrease to 15.3% during the past 2 years between 2008
and 2010, as achieved by our group, is perhaps more
realistic for most surgical units dealing with this kind of
emergency surgery. Whether the type of proximal repair
affects hospital mortality is still debated. Recently,
Nakajima and associates16 reported a low mortality rate
with the conservative root approach, which is in contrast
with results of previous studies that show that hospital mor-
tality depends more on clinical condition on admission and
extension of surgical maneuvers to the aortic arch than on
the type of proximal repair.17-19 In our experience, it is
difficult to determine whether the conservative root
approach has a low operative mortality rate because data
are biased by the high proportion of patients who require
DHCA and arch surgery. The impact of these procedures
on late survival has not been demonstrated clearly.20 We
performed DHCA with replacement of the proximal aorta
in a large series of patients, based on the preference of the
surgeon, with the aim of exploring the arch, removing the
site of clamping, and improving late survival.
Twelve patients were reoperated for aortic root dilata-
tion, and 2 of these patients died after reoperation. Indica-
tions for proximal reoperations included isolated aortic
root dilatation in 2 patients (mean diameter, 5.2  2.3
mm) and root dilatation (mean diameter, 5.4  2.1 mm)
with associated aortic regurgitation (>2þ) in 10 patients.
The proportion of patients free of proximal reoperation
was 99%, 97%, 93%, 83%, and 66% at 1, 5, 10, 15, and
20 years, respectively. Multivariate Cox regression revealed
that significant risk factors for proximal reoperation were
age<60 years (P ¼ .005; RR, 1.94) and Marfan syndrome
(P ¼ .011; RR, 2.76); thus, patients with Marfan syndrome
or patients<60 years have a higher risk of reoperation when
supracoronary replacement is performed. Moreover, at lat-
est follow-up, 15 patients had an aortic root diameter of>45
mm but were not reoperated as a result of advanced age
(>85 years) and/or associated comorbidities (14 patients)
with increased operative risk (mean logistic EuroSCORE,
18.6%  2.3%), or because they refused surgery
(1 patient).
On the basis of our findings, we think that the best strat-
egy for AADmust take into account not only the dimension
of the aortic root and aortic valve integrity, but also the fea-
sibility of the surgery, the age of the patient, and the conse-
quent life expectancy. In elderly patients, this minimalist
approach is even more justified, considering that a more ag-
gressive strategy neither eliminates the risk of proximal op-
erations nor reduces the rate of potential valve-related
complications.21 Moreover, this conservative approach is
a much less demanding technique and is therefore more ac-
cessible and reproducible by surgeons with varying degrees
of aortic surgery experience.22-24diovascular Surgery c Volume 146, Number 6 1459
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Our study has some limitations. The current series was
a retrospective analysis of the surgical results of 14 different
surgeons over a 23-year period. Because of the length of the
study period, echocardiographic data were not available for
the earliest series of patients. The high in-hospital mortality
reflects the long period of this observational study and the
consequent evolution of the preoperative diagnostic tools
and postoperative treatments in our intensive care unit. Al-
though we attempted to account for factors that had changed
during this period (year of operation and surgeon experi-
ence), some issues may not be reflected in the multivariate
analysis. Surgeons operated on the patients included in this
study using a relatively uniform approach, but the decision
to use a conservative approach was made intraoperatively
and depended on the surgeon’s preference and estimation
of its feasibility. Therefore, a comparison between patients
receiving root replacement and patients receiving supra-
coronary reconstruction would be biased because of the sur-
geon’s discretion in intraoperative decision making and the
inability to adjust the multivariate regression to account for
the personal preferences of the surgeon.Moreover, although
our data are reliable, a further possible statistical limitation
could be the low number of events (reoperation) for the
regression analysis and the low number of identified risk
factors. Further studies are required to confirm these results.
CONCLUSIONS
Our 23-year follow-up study confirms that replacement
of the ascending aorta with root preservation for AAD
shows long-term effectiveness with low reoperation and
aortic root dilatation rates. In younger patients, potential
aortic root dilatation is a concern and should influence the
surgical approach by using a more aggressive strategy.
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